Objectives To determine the benefits and harms of palliative chemotherapy in patients with locally advanced or metastatic colorectal cancer and to compare the outcomes for elderly and younger patients. Design Meta-analysis of individual patient data and published summary statistics from trials for which individual patient data could not be obtained from the investigators. Studies All randomised controlled trials comparing palliative chemotherapy with supportive care in patients with advanced colorectal cancer that were identified by computerised and hand searches of the literature, scanning references, and contacting investigators. Main outcome measures Survival, disease progression, quality of life, and toxicity. Results 13 randomised controlled trials including a total of 1365 patients met the inclusion criteria. Meta-analysis of seven trials that provided individual patient data (866 patients) showed that palliative chemotherapy was associated with a 35% reduction in the risk of death (95% confidence interval 24% to 44%). This translates into an absolute improvement in survival of 16% at both six and 12 months and an improvement in median survival of 3.7 months. No age related differences were found in the effectiveness of chemotherapy, but elderly patients were under represented in trials. The overall quality of evidence relating to treatment toxicity, symptom control, and quality of life was poor. Conclusions Chemotherapy is effective in prolonging time to disease progression and survival in patients with advanced colorectal cancer. The survival benefit may be underestimated in this analysis as some patients in the control arms received chemotherapy.
Introduction
Colorectal cancer causes 15 000 deaths each year in England and Wales and is the second most common cause of cancer death. 1 2 The primary treatment is surgical resection, but over half of all patients will eventually die of metastatic disease. 3 Although the rate of progression of advanced colorectal cancer is variable, patients have a median survival of only 6-9 months from the diagnosis of metastatic disease, during which time they may develop various physical and psychological symptoms that detract from their quality of life and often precipitate admission to hospital. 4 The aims of chemotherapy in patients with advanced colorectal cancer are to prolong survival, control symptoms, and maintain or improve quality of life. There is no universally accepted standard therapy or route of administration, and the duration of treatment varies widely. 5 Chemotherapy may be administered either systemically via the oral or intravenous route or by hepatic infusion. Hepatic infusion is used because the liver is often the first site of metastatic disease in patients with colorectal cancer and may be the only site of spread in 30-40% of patients with advanced disease. 6 Palliative chemotherapy is now offered to an increasing proportion of patients with advanced colorectal cancer. 4 We conducted this review to assess the evidence that chemotherapy is beneficial in this disease.
Methods

Criteria for selecting studies
We included randomised controlled trials that compared palliative chemotherapy with supportive care alone or no chemotherapy for patients with locally advanced (unresectable) or metastatic colorectal cancer. Patients may have received previous chemotherapy as adjuvant treatment after surgery or for metastatic disease. Palliative chemotherapy included any single drug or combination regimen given by any route or schedule. Supportive care was defined as anything other than chemotherapy and included symptom control by local radiotherapy, palliative surgery, pain relief, blood transfusion, and social or psychological support. We did not exclude studies in which a proportion of the control group subsequently received chemotherapy. 
Search strategy
Review procedures
All studies were assessed against the inclusion criteria independently by two reviewers, who also extracted data on study methods, participants, interventions, and outcomes from all eligible trials. Any differences were resolved by discussion. Validity was assessed in terms of the method of randomisation, concealment of allocation from trialists, rates of patient withdrawal, and whether the analysis had been performed by intention to treat. 7 Investigators from all eligible trials were invited to submit individual patient data from their study together with details of trial design and conduct.
The principal outcomes defined in the protocol for this review were survival, disease progression, treatment toxicity, quality of life or relief of symptoms, and cost effectiveness.
Statistical methods
We analysed individual patient data using the Survival Curve and Hazard Ratio Plot (SCHARP) program (developed by the Medical Research Council Clinical Trials Unit and the Instituto Mario Negri, Milan). Survival analyses were stratified by trial, and the log-rank expected number of events and variance were used to calculate the hazard ratios for individual trials and combined across all trials. The absolute effects of treatment at six months and 12 months were read from simple (non-stratified) Kaplan-Meier curves. 8 A subgroup analysis was performed to determine whether outcomes differed according to age group. We also conducted a meta-analysis combining the individual patient data analyses and published summary statistics (where available) from the other trials using Metaview 4.0 (Update Software, Oxford). A pooled estimate of effects at prespecified time points was produced by the Mantel-Haenszel (fixed effect) method with results presented as relative risks. The individual patient data analysis is likely to provide the most reliable estimate of the effect of chemotherapy, but the addition of summary statistics from the other trials increases the power of the analysis.
Trials were grouped according to whether chemotherapy was administered regionally or systemically. 2 tests for heterogeneity were used to test for gross statistical heterogeneity over all trials and for interaction between the subsets of regional versus systemic chemotherapy. When overall results were significant the number needed to treat to have one more person alive was calculated by combining the overall relative risk reduction from the combined meta-analysis with an estimate of the risk of death in the control groups of the trials.
Data on chemotherapy toxicity and quality of life were tabulated but were not combined quantitatively because of significant variations in the method and timing of assessments.
Results
Description of studies
Thirteen trials published between 1983 and 1998 met the inclusion criteria (see BMJ's website for details). Two trials included patients with other digestive tract tumours in addition to colorectal cancer. 9 10 One trial specified an upper age limit of 70 years, 11 seven trials had an upper age limit of 75 years, 9 12-17 and one trial was performed exclusively in patients aged 70 years or older. 10 Studies of hepatic infusional chemotherapy included only patients with unresectable liver metastases whose primary tumour had been resected, whereas studies of systemic chemotherapy also included patients with locally unresectable disease and extrahepatic metastases. One trial was conducted exclusively in patients who were asymptomatic at trial entry, 15 whereas all other trials seem to have included both symptomatic and asymptomatic patients, although this is often not stated explicitly.
Seven trials assessed the value of intravenous chemotherapy, 9 10 14 15 17-19 one trial evaluated oral chemotherapy, 20 and five trials evaluated regional chemotherapy delivered via the portal vein or hepatic artery with or without some attempt to disrupt hepatic blood flow. 11-13 16 21 No two studies used the same treatment combination or schedule, although nine trials used a 5-fluorouracil based chemotherapy regimen.
9-15 18 19 Chemotherapy was given either for a set period (usually six months) or continuously until disease progression. Supportive care interventions were rarely described in detail but included localised radiotherapy, analgesia, corticosteroids, antibiotics, blood transfusion, nutritional support, psychological support, and other symptomatic treatment. In some trials cytotoxic drugs could be given to patients in the supportive care arm under certain conditions (for example, if supportive care did not achieve palliation or once the patient had developed symptoms) 9 15 or at the discretion of the treating clinician. 16 17 21 We were able to confirm that allocation to treatment group was truly random and concealment was adequate in 10 of the trials. 9 11-17 20 21 In the remaining three the allocation method was not described, and we were unable to obtain this information from the investigators. 10 18 19 In four trials the published analyses were not conducted by intention to treat, 11 12 14 18 with about 10% of patients being excluded after randomisation. Individual patient data were obtained from seven studies. 9 12 13 15-17 21 These trials represent 866 of 1365 randomised patients (63%).
Survival
The results of the meta-analysis of individual patient data show that patients in the treatment group had a significantly reduced risk of death (hazard ratio 0.65 (95% confidence interval 0.56 to 0.76); fig 1) . The absolute difference in survival was 16% at six months (79% v 63%) and also at 12 months (50% v 34%). There was no evidence of gross statistical heterogeneity within subsets of regional and systemic chemotherapy or across all trials ( 2 = 5.233, df = 6; P = 0.514). Median survival was estimated to be 8.0 months in the control group and 11.7 months in the chemotherapy group (fig 2) .
Cunningham et al's study 17 was considered separately in a sensitivity analysis of survival results. This study differed from the others as it evaluated a second line chemotherapy regimen. As it was also the largest study, any differences may have unduly influenced our results. Survival differences between chemotherapy and control groups remained significant even when the results from this study were excluded (hazard ratio 0.69 (0.58 to 0.82)).
Similar results were obtained in the combined analysis when the published data from the remaining trials were included. 11 14 18-20 However, significant statistical heterogeneity, primarily within the systemic chemotherapy trials, was apparent in this analysis ( 2 = 28.90, df = 11; P < 0.0001 at six months). Treatment with palliative chemotherapy was associated with a significantly reduced risk of death at six months (relative risk 0.67 (0.56 to 0.79)), 12 months (0.80 (0.73 to 0.88)), 18 months (0.88 (0.82 to 0.95)), and 24 months (0.92 (0.88 to 0.97)) after randomisation. These figures equate to absolute risk reductions of 12.5% (95% confidence interval 7.7% to 17.5%), 12.9% (7.6% to 18.1%), 9.2% (4.2% to 14.1%), and 6.4% (2.1% to 10.7%) respectively. From these data, the number needed to treat in order to prevent one additional death at both six and 12 months is 8 (95% confidence interval 7 to 9 at six months and 6 to 9 at 12 months).
Disease progression
Only three trials contributed individual patient data on tumour progression (482 patients and 324 cases of tumour progression). 9 15 17 Patients in the treatment group had a significantly reduced risk of progression (hazard ratio 0.51 (0.40 to 0.64)). The absolute difference in progression was 25% (61% v 36%) at six months and also at 12 months (41% v 16%). We found no evidence of statistical heterogeneity across the trials ( 2 = 0.03, df = 2, P = 0.985). Median progression-free survival was estimated to be 4.0 months in the control group and 10.0 months in the chemotherapy group.
Similar results were also seen in the combined analysis of tumour progression, which included published summary statistics from a further three trials at six months 11 18 20 and 12 months. 11 18 21 Chemotherapy treatment was associated with a reduced risk of tumour progression at six months (relative risk 0.68 (0.58 to 0.80)) and 12 months (relative risk 0.81 (0.73 to 0.89)).
Age related differences in treatment effects
Very few patients aged 75 years or older were included in the trials from which we obtained individual patient data (2.5%). In order to give the analysis greatest power we examined three groups of roughly equal size ( < 50 years, 50-64 years, and >65 years). We found no relation between age and the effect of treatment on survival ( 2 for interaction = 5.039, df = 2, P = 0.08; 2 for trend = 0.905, P = 0.341 (fig 3) ). Similarly, no association between age and strength of treatment effect was seen in the analysis of time to progression.
Treatment toxicity
Data on chemotherapy toxicity were published for 10 out of 13 trials. Only four graded toxicity according to a standardised validated scale (such as the National Cancer Institute common toxicity criteria), and only one study presented the event rates for both the treatment and control arms. 17 In this study, significantly more patients in the treatment group experienced severe adverse events (79% v 67% grade 3 or 4 on National Cancer Institute common toxicity criteria). Information was not available on the distribution of treatment toxicity according to age group or on whether doses were routinely reduced for elderly patients within these trials.
Variations in drugs and lack of objective standardised data meant we were unable to produce a meaningful summary of treatment related toxicities.
Quality of life
Many of the trials in this analysis were done before validated quality of life instruments specific to patients with cancer were available. Six trials provided information about quality of life. 9 14 16 17 20 22 All used different assessment instruments, many of which were not cancer specific or validated for patients with advanced cancer. Three trials found superior results in the chemotherapy arm, 9 17 22 two trials found no significant differences between treatment and control groups, 14 16 and one trial, in which chemotherapy was ineffective, found quality of life was worse in the treatment group. 20 Many studies did not provide information about who completed the quality of life instrument and how much help was given by carers and healthcare professionals. It is unclear whether quality of life assessments continued after stopping treatment in many studies.
Cost effectiveness
The available data were not of sufficient quantity or quality to enable us to assess the economic impact of palliative chemotherapy by secondary economic modelling.
Discussion
Although colorectal cancer is a major cause of morbidity and mortality, only 1365 patients have been entered into randomised trials comparing chemotherapy with supportive care. The trials are heterogeneous in terms of the patient population, interventions, and control group considered. The pooled results of these trials therefore represent a generalised estimate of the effectiveness of chemotherapy. In addition, a proportion of patients in the control arm of some trials received chemotherapy, so these trials may underestimate differences in survival, disease progression, toxicity, and quality of life.
The results of our meta-analyses using individual patient data alone and in combination with published summary statistics from other trials are broadly similar. They show that for patients with advanced colorectal cancer, treatment with chemotherapy modestly prolongs both the time to tumour progression and survival. Although the benefits of chemotherapy might be expected to be reduced in patients who have had previous chemotherapy, the results of the largest single trial, 17 in which all patients had received previous chemotherapy, are consistent with the overall outcome of the meta-analysis. Most studies did not differentiate between patients with symptomatic and asymptomatic disease at trial entry, and it is therefore not possible to estimate the benefits for each of these subgroups.
The benefits of chemotherapy must be weighed against treatment toxicity and effect on quality of life, and these outcomes have been inadequately addressed in most trials. Assessment of treatment related toxicity is fundamental in determining the acceptability of chemotherapy as a palliative treatment, yet many trials reported little or no toxicity data and only four used validated assessment scales to classify the severity of toxicities. Only one trial compared toxicity data in the treatment and control groups. 17 This comparison is important as some symptoms may be related to the underlying disease process rather than to chemotherapy. Maintenance or improvement in quality of life is one of the most important goals of palliative chemotherapy treatment. Despite this, seven of the thirteen trials did not report any assessment of quality of life. Even when quality of life measures were included, the variety of assessment instruments used over varying periods means that it is likely that different aspects of quality of life were assessed in each study, and this makes any direct comparison impossible. Allocation of treatment was not masked from participants, and therefore expectation of benefit or perceptions of suboptimal treatment may have affected quality of life assessments.
Colorectal cancer predominantly affects elderly people, and over half of all deaths occur in people older than 75. 23 However, elderly patients were under represented in these trials as most imposed an upper age limit for recruitment of subjects. 9 11-17 Chemotherapy seemed to be equally effective in the oldest patient group as in younger patients, but the elderly patients included are likely to be highly selected and thus not characteristic of patients in this age group. One trial was conducted solely in patients aged 70 years or over, 10 but only half of the patients in this study had colorectal cancer and it is not possible to determine the outcome of this subgroup of patients from the published abstract.
Although chemotherapy can prolong life in patients with advanced colorectal cancer, the median survival remains short. Further research is needed to clarify the palliative benefit of chemotherapy. This research should use standardised, validated instruments to examine toxicity, symptom control, and quality of life both 
What this study adds
Meta-analysis shows that chemotherapy prolongs the time to disease progression and overall survival in patients with advanced colorectal cancer Data on the effect of chemotherapy on quality of life are inadequate to draw firm conclusions about the palliative benefit of chemotherapy
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